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Abstract: Higher education is incorporating Information and Communication Technology (ICT)
at a fast rate for different purposes. Scientific papers include within the concept of Technology
Enhanced Learning (TEL) the myriad applications of information and communication technology,
e-resources, and pedagogical approaches to the development of education. TEL’s specific application
to higher education is especially relevant for countries under rapid development for providing
quick and sustainable access to quality education (UN sustainable development goal 4). This paper
presents the research results of an online pedagogical experience in collaborative academic research
for analyzing good practice in TEL-supported higher education development. The results are
obtained through a pilot implementation providing curated data on TEL competency’s development
of faculty skills and analysis of developing sustainable higher education degrees through TEL
cooperation, for capacity building. Given the increased volume and complexity of the knowledge to
be delivered, and the exponential growth of the need for skilled workers in emerging economies,
online training is the most effective way of delivering a sustainable higher education. The results of
the PETRA Erasmus+ capacity-building project provides evidence of a successful implementation
of a TEL-supported methodology for collaborative faculty development focused on future online
degrees built collaboratively and applied locally.
Keywords: technology enhanced learning; sustainable on-line education; capacity building
1. Introduction
The virtualization of society thanks to the Internet and the wide availability of sophisticated
devices, is making higher education evolve everywhere. TEL is now embedded into all
types of universities—digitalizing contents, changing methodologies, and facilitating the quality
implementation of TEL into all types of degrees. [1] New technology-native generations and the ubiquity
of the Internet, has made traditional delivery of contents obsolete thanks to the flexibility and accessibility
of contents fulfilling instantly individual requirements. Methodologies are increasingly dynamic and
with a modular structure based on instant consumption for different uses and environments. Innovation
is developing university courses hugely, [2] a tendency that is giving birth to an exponential availability
of e-courses and materials. Beyond mere tools, TEL applications allow fast capacity building into
young faculty and collaborative (open) schemes for implementing methodologies and contents, [3] and
achieving excellent results which can be deployed with a small fraction of the resources traditionally
required for University education. Existing open-source education platforms can be implemented
easily with a significant improvement of students’ performance and levels and engagement with very
limited resources. [4]
Collaborative schemes and capacity-building initiatives enhance the quality development of
learning resources (contents), teaching tools (systems), and proven practices. These facts, together with
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low-cost Internet and ubiquitous tablets (or cell phones), are a very attractive alternative to traditional
learning for fast-growing societies with limited resources [5]. The Internet has changed timing, access
to knowledge, and learning processes [6]. Once presential limitations are abolished, students are
empowered to manage their time schedules and pacing [7]. Faculty is then faced with a different
scenario for tracking progress and assessing evaluation, which needs to be adapted to individual
progress [8].
Through a review of TEL literature research [9] we can assume that TEL comprises much more
than facilitating tools. The possibilities of technology applied to learning should be addressed
through their core nature values for augmented learning. The main focal points of this approach
are information handling, learning process management, knowledge building supervision, and
collaborative development.
Considering education as a system, information is our input, while knowledge acquisition is the
output obtained through the teaching process. In this model, native TEL values of inexpensive data
handling, instant communication, and information access should be addressed as the main values for
TEL programs.
The implementation of a TEL strategy allows a quick and sustainable development of higher
education with a wide outreach, but requires adequately prepared academics and collaboration [9].
For bridging this gap, the PETRA Erasmus+ capacity-building project was designed to develop a
methodology allowing a quick launch of cooperative TEL implementation in Azerbaijan.
Oil and natural gas exports have helped make Azerbaijan the most prosperous state in the
Caucasus region. The post-Soviet Union era was a difficult transition period, which started to flourish
after 2003. Economic independence favored an approach to the EU culminating in the signature of the
Bologna Agreement in 2005. The new 2009 education law nominally introduced the European Credit
Transfer System in the country. University bachelor degrees are three years, and postgraduate master’s
programs are two years, followed by PhD and Sc.D doctoral degrees.
From October 2013, the economic development brought different strategic plans, which aim to
bring about a full reform by 2025. The strategy was created in compliance with a holistic and open
approach to education and its development, which allowed a higher level of collaboration with the
European Union. The strategic development goals are:
• Content development for a competency-based education, incorporating best practices from
the most advanced universities, their key academics, and establishing a Professional Learning
Community (PLC).
• Developing this PLC community through the use of pilot academic programs, and experiencing
student development and motivation within Azerbaijan’s top universities. This will develop
a new innovative education system tested on reference development academic programs for
the country.
• Qualification of the public policy administration based on state–business partnerships for following
stakeholders’ guidelines and need.
• Creating a new mechanism for sustainable higher education development to meet ethics
and regulations.
• Creation of modern education infrastructure that ensures TEL development.
These goals meet the same conclusions summarized by Lai et al [10], only adding the necessary
infrastructure which will allow collaboration and early deployment, but under Passey premises. [9]
The PETRA project was based on these principles for the development of a TEL strategy in selected
Azerbaijan Universities (8) in a cooperative way with five EU universities. Selected faculty teams
(following the Ministry criteria) were selected for incorporating through TEL the basic competencies
required for replicating the methodology into official curriculums in Azerbaijan.
This paper introduces a pilot academic implementation of the resources developed through
PETRA into a virtual collaborative master’s-level research project, constructed incorporating
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individual work (each student thesis) as complementary elements of the project. The pilot
technical design and implementation presents an excellent practice for collaborative TEL-based
higher education development.
2. Background Literature Review
According to recent literature analyzing successful results of TEL higher education
implementations, the proposed research background builds its design on the key elements for
efficient virtual higher education excellence factors in order to define a pilot strategy.
According to Fazil et al. [1] the acceptance of TEL in education requires motivation, an anxiety-free
experience, and perceived efficiency—which are centered first on the learning management system [4].
The deployment of higher education online learning should then be centered on efficient and inspiring
implementation, which requires leadership.
Graham’s review [7] of learning systems identifies motivation with cultural context and learner’s
pacing control, and how a supervisor’s leadership can support the process. All these elements are
studied on the Purdue team coordinated by Lee [8] who conclude that a TEL program undertaken
from motivation and carried out with leading supervision, also requires the development of learning
strategies based on the learners’ personal evaluation of the results efficacy, and high task value.
This literature background supports the design of this paper’s research on the efficiency of TEL
for collaborative academic research project development.
3. Materials and Methods
3.1. Reference Information and Methodology Design
There are 51 higher education institutions in Azerbaijan, 40 out of them public (state) and 11
private. The actual number of students active in these universities (2019) is presented in Table 1.











Public 164,516 5897 12,494 1279
Private 18,569 540 2039 437
Total 183,085 6437 14,533 1927
Starting from this objective population, top universities were addressed, and only participants
with a reasonable English language qualification could be selected for the required EU collaboration.
The Professional Learning Community (PLC) addressed eight universities (PETRA Azerbaijan partners)
all through the country (public and private) representing 22% of the faculty population. Only the
best prepared for starting this pilot project were selected. Since the Ministry objectives addressed the
same results from Lai et al, [10] the PLC was established based on the requirements presented on
attitude [11] and abilities [12] to meet the challenge (and English language proficiency). The PLC team
(and students) is shown in Table 2 (basis for the research).
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Table 2. Professional Learning Community (PLC) team distribution per university, and academic level.
Institution/Academic Level Master’s Students
Faculty
TotalPhD Sc.D
Khazar University 8 6 2 16
Ganja State University 6 7 2 15
Nakchivan State University 5 6 1 12
Sumgait State University 5 5 1 11
Baku Slavic University 6 4 2 12
Azerbaijan University of Languages 4 4 2 10
Azerbaijan State Pedagogical University 5 5 3 13
Azerbaijan University 7 5 2 14
Total 46 42 15 103
The pilot academic program under study develops a collaborative proposal for addressing
student research projects through multidisciplinary teams. In other words, different teams of the
faculty (EU facilitator and Azerbaijan supervisors) and master’s students worked on six teams for the
co-development of their final thesis. The purpose was twofold: a pedagogic innovation on collaborative
research teamwork, and a technical implementation based on TEL innovation tools. The proposed
TEL implementation is designed to answer the objectives proposed through the following research
questions:
• How can we implement online collaborative research for excellent results using TEL tools?
Technical design of the pilot includes: pedagogical approach, academic and electronic contents
structure (pedagogical innovations), a common learning platform, and a deployment plan
(academic requirements) for launching a pilot test for future online degrees.
# Contents were prepared by the PLC. All PLC supervisors participated on the development
of all courses co-designing contents, with EU partners’ support, and incorporating the lean
principles developed by Ely [12] on the new programs.
# The selected learning platform was Moodle for its widespread use, open-source nature
and flexibility. After the course’s design, test runs were implemented in eight Teaching
and Learning Centers (TLCs) funded through the Erasmus+ program.
# The TLC plan scheduled the courses following the requirements of the pilot. During the
test-run deliveries, the PLC team performed a recurrent PDCA (Plan–Do–Check–Act) cycle,
providing a framework for continuous feedback and analysis developed later.
• Did the pilot introduce an efficient innovation? For performance assessment, the DeLone and
McLean model [13] was selected for building the PETRA pilot and designing data gathering
for assessment. The TEL system model includes all stages on the teaching/learning process.
This model [12] is applied to the PETRA pilot in Figure 1. Three independent variables
under the “quality” heading are identified: content incorporating the standards required for
user efficient performance; TEL (TLC) system accessibility assessment (from the technology
perspective); standardization of its structure for portability and stability; and last by not least, the
implementation developed on each TLC for the pilot evaluated the structure design and correct
pedagogical approach.
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Figure 1. The DeLone and McLean model applied to the PETRA project.
3.2. Methods and Proposed Research
The research’s background critical requirements are based on the efficiency of the pilot results.
Through a careful literature analysis on how to assess TEL efficiency, the selected approach follows
Goodman et al. [14] who demonstrate how TEL education can provide excellent results if the following
three steps are met:
• Efficacy of knowledge acquisition: According to Alexander et al. [15] best results are obtained by
paying special attention to the synthesis performed by students. Therefore, a program design
should be focused on the development of systems and emphatic thinking.
• Effective course design: Metacognition progress is the key element to consider when designing an
effective use of TEL tools [16].
• Efficient use of resources: The literature analysis review performed by Sun et al. [17] concludes
that the combination of content delivery with group project development provides the most
significant results.
Following these guidelines, the research methodology based on the DeLone and McLean model [13]
was adopted. This model identifies seven check points: needs analysis; course design; usability
assessment; implementation analysis; participant assessment; learning outcomes acquisition; and
sustainability (including evaluation of cost and reusability).
In the following paragraphs we identify the assessment methods used for each category, grouped
per research question, and identifying the quality standards and approaches supporting the instruments
used in each case for assessing the experiences of learners and instructors using TEL. The pilot online
collaborative research using TEL tools is assessed by:
• Needs analysis: Following the digital education action plan adopted by the EU Commission [18]
the current situation of TEL in Azerbaijan was assessed. The most relevant finding was the need
for a skilled academic staff task force through blended learning, and the selection of the most
urgent topics:
# Innovative pedagogies and curriculum design.
# Cooperation on high-quality development of research skills.
• Course design: The course model template was taken from the Erasmus+ KA2 project Essence, [19]
which was selected for academic staff training due to its successful implementation in Vietnam.
The design included five days’ full-time work (one per week) for avoiding conflicts with the
baseline activities from all participants. Nobody traveled (except for the final presentations and
evaluation), and used TEL as the unique support vehicle both in teaching and learning. Regarding
capacity-building, key points for the lectures on each course were identified from the needs
analysis. Interaction and applicability were guaranteed thanks to the debate methodology. The
structure is presented in Figure 2.
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• Usability assessment: Fulfillment of requirements from ISO 9241.
• Implementation analysis and participant assessment: These dimensions were assessed jointly by
workshop participants (Azerbaijan faculty) and facilitators (EU faculty). The protocol offered by
Lönngren et al. [20] was used as described on the application to transdisciplinary group work by
Orozco et al. [[21]
# Systems thinking: reading, reflecting, and problematization.
# Empathic thinking: free solutions and role play.
Figure 2. Course design.
The course efficiency evaluation participants were divided into groups (3–5 faculty members each)
and their discussions were recorded for analysis. Each group included participants from different
institutions and one EU faculty as secretary. Each discussion lasted approximately 30 to 45 minutes.
Questions were discussed in each group, which were developed according to the methodology




The needs analysis, course design, usability assessment, and sustainability of our PETRA (TEL)
pilot have already been introduced and their formal implementation courses are already available and
offered through the eight TLCs and their action plans. All the PLCs have additional courses on the
TLC plan, which can be followed if required. The development of the six research projects for the
student/supervisors/EU facilitator groups were hosted in all TLCs. Additionally, there was a usability
validation (after ISO9241) for all courses and project materials.
The efficiency evaluation was performed after the course was finished. Azerbaijan participants
(faculty and students) answered a post-workshop e-survey, as described in [22]. The survey covered
all relevant topics related to effective learning outcomes acquisition determining each student’s level
of metacognition and interdisciplinarity. The purpose of the survey was to use self-assessment as the
true measure of knowledge and awareness developed through TEL by participants.
At the last stage the sustainability of the TEL included a guided debate to assess user satisfaction
and the quality of the learning outcomes. The actual deployment of the courses (the result of this TEL
experience) will be measured by the TLC plan deployment, where the courses will be available, and
their participation (satisfaction) rates. Further to these results, policy measures by the Ministry of
Education of the Azerbaijan Republic—including the implementation of academic degrees using the
proposed TEL design—will be the final proof of concept.
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4. Results
The e-surveys offered quantitative information on the implementation analysis and participation
assessment. The graphs presented on the next pages compile average information for all groups, while
the group variability is considered by the dispersion coefficient among the groups presented in Table 3.
The internal group dispersions and the average dispersions among groups are both below 10% in
all cases.
Table 3. Average values per dimension with their dispersion coefficients.
TLC
Systems Thinking Empathic Thinking Learning
Outcomes
TLC
AverageRead/Refl. Problem Free Role
Khazar University 4’28 ± 0’24 4’48 ± 0’27 4’40 ± 0’26 4’44 ± 0’26 4’08 ± 0’21 4’34 ± 0’16
Ganja St. University 4’03 ± 0’24 4’33 ± 0’26 4’11 ± 0’21 4’16±0’23 4’13 ± 0’22 4’15 ± 0’11
Nakchivan St. University 4’16 ± 0’23 4’41 ± 0’26 3’68 ± 0’16 3’68±0’16 3’96 ± 0’19 3’98 ± 0’31
Sumgait St. University 4’34 ± 0’24 4’22 ± 0’23 4’88 ± 0’28 4’28±0’24 3’82 ± 0’18 4’31 ± 0’38
Baku Slavic University 4’14 ± 0’25 4’42 ± 0’28 4’41 ± 0’26 4’23±0’21 3’96 ± 0’20 4’23 ± 0’19
Azerbaijan U. of Languages 4’24 ± 0’23 4’32 ± 0’25 3’98 ± 0’20 3’57±0’14 3’85 ± 0’18 3’99 ± 0’30
Azerbaijan St. Pedag. U. 4’50 ± 0’27 4’41 ± 0’27 4’20 ± 0’22 3’89±0’19 3’56 ± 0’17 4’11 ± 0’39
Azerbaijan University 4’44 ± 0’26 4’32 ± 0’25 4’11 ± 0’21 4’40±0’25 4’03 ± 0’21 4’26 ± 0’18
Numeric values attributed range from 1 (nothing) to 5 (a lot).
Through the following graphs, a quantitative analysis of the previously identified requirements for
the implementation and participant assessment are shown. The first (multiple) dimension experimental
results are presented on Figures 3–6, and the learning outcomes dimension results are presented in
Figure 7. Graphs include bars with the percentual evaluation for each of the questions.
Figure 3. Experience from the whole week (systems thinking: read/reflect).
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Figure 4. TEL experience from the week (systems thinking: problematization).
Figure 5. Key learnings (empathic thinking: free solution).
Figure 6. Alternative experiences from the project (empathic thinking: role playing).
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Figure 7. Evaluation of learning outcomes.
As can be seen from all graphs, the implementation analysis is considered very good or good for a
very relevant majority of participants, in all courses and dimensions, and with low dispersion (from
Table 3). This together with the procedural checks indicate clearly that the results of the pilots were
excellent and attained in an efficient way.
Further to the quantitative implementation analysis, the guided debates for all groups allow a
more qualitative analysis of the learning outcomes summarized for the relevant topics to be considered
for effective knowledge acquisition:
• Interdisciplinarity assessment for the PETRA pilot:
# Main progress identified was being able to recognize and articulate TEL as a tool to develop
courses collaboratively.
# Different academic backgrounds, as well as the EU flavor, allowed a higher insight into
TEL topics through the confrontation of different perspectives, and avoiding curricular
confrontations. Identification of knowledge acquisition encouraged all to be open to
differences and open points of view.
# Absence of a shared disciplinary language allowed better problem definitions because
different perspectives facilitated simpler approaches and concentrating on finding
alternative solutions.
# Due to the transversal course topics, "integration" of disciplines was easier. Participants
produced deliverables that would not have been possible independently. Interdisciplinarity
was the most important result for all courses.
• Metacognition
# Participants delivered contributions to the project despite being outside their own
disciplinary backgrounds. Reflection on this fact promoted a higher satisfaction due
to the higher efficiency obtained through group work with TEL as a tool.
# Different participants developed individual self-awareness on complementary issues,
which was the key for team synergy. Participants were able to confront their attitudes
through self-awareness that promoted knowledge acquisition.
# Participants used their individual self-reflections on the debates as a team tool for addressing
more creative project solutions. Many participants confessed that the TEL- driven group
had a constructive effect for them. Nearly all recognized the synergies of working with
people with different ways of thinking through TEL.
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# Different planning schemes, tools, and strategies were selected by the groups, producing
in all cases the right blend for success. Individual experiences can be developed into larger
scales, for identifying different optimal results.
• Systems thinking:
# All teams were keen to assess transferable knowledge at group level (through experience
and institutional constraints awareness).
# Participants were aware of the impacts of the projects at different physical, time, and
social scales.
# The main concern for all participants was the importance of institutional and country
systems issues, as well as their realization of the importance of networking for
capacity building.
# Participants identified and worked out solutions not only for financial and physical
constraints, but also for transversal knowledge domains to be considered neutrally for
developing TEL solutions.
• Empathy:
# All participants showed a high level of coherency, probably due to the short course span,
common orientation, and missing conflicts, which allowed good strategies for handling
disagreement. The lack of a competitive result also prevented important confrontations.
# All participants excelled in active listening during group work. Upon reflection, TEL
promoted this attitude, which was also key for gathering very effective results from the
group work.
# Synergy was enhanced by the transcendence assumed by participants about the team
results. All participants worked proactively for incorporating all different points of view
into the debate.
The lack of interactivity imposed by TEL, allowed an ordered personal behavior that resulted in
an openness to novel perspectives from all participants, no matter their backgrounds. TEL debates
promoted speaking/communicating constructively to achieve the group outcomes. Participants were
exposed through an alien environment (TEL) to different academic backgrounds, allowing relevant
project co-creation.
5. Discussion
The proposed research questions were:
• How can we implement an online collaborative research for excellent results using TEL tools?
• Did the pilot introduce an efficient innovation?
The first question is addressed from the technical implementation perspective. Considering both
the platform and the courses required for the joint research pilots, the research implementation met
similar experiences in other fields. [22] The TLC plans developed during the PETRA project also
helpedtowards an excellent implementation considering current tendencies for equivalent plans in
other universities at the initial stage. Also to be noted is that the Internet infrastructure supported the
team’s work well, due to the freedom of schedules that the pilot allowed.
As for the second research question, the term efficiency has been analyzed from the different
factors of the proposed model. The key for an efficient TEL implementation is the promotion of
systems thinking in order to develop knowledge transfer, avoiding costly infrastructures. Based on
the literature approaches to systems thinking assessment, [23] the conclusions presented show an
extraordinary progress on systems thinking development, although it was not formally addressed.
This was the basis for the synergy observed on the group discussions. EU moderators reported that this
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“hidden” result was due to the lack of hierarchies, which facilitated open debates. Further evidence of
the very positive outcomes for systems thinking is to be found in the project presentations.
The most relevant achievement is the synergy developed through the group projects. The
interdisciplinary developments reported from the teams correspond to the “problem solving” category
in reference. [24] Despite all participants belonging to the same category (faculty), they represented
different disciplines and hierarchic levels at their universities. Not only were there different generations
represented, but also very few were familiar with group work for addressing a project. Therefore,
although complementary knowledge was present, there was no attitude or experience towards
teamwork. Transversal competency development was an aid since nobody had a formal experience on
the field, which once again opened the debate. As stated by one EU moderator, “We may have had a
far greater and more interesting challenge if we had concentrated on one curricular course.”
Also, in alignment with the observations of [24], participants on the PETRA pilot TEL courses
agreed on the importance of an EU moderator’s involvement in decision making. There seemed to be
consensus that foreign points of view sometimes brought light into the project in different ways to
the opinions from only one country. All participants agreed that it was essential to develop courses
with EU collaboration. In some cases, participants may have had difficulty in understanding EU
supervisors’ points of view. Cultural differences were on the one hand a burden for group work, but
on the other hand this made everybody aware of the need for detailed explanations, which enhanced
the project debates. Far from being a hindrance, this boosted a real synergetic result to the TEL
knowledge acquisition.
Although similar experiences demonstrate the importance of IT deployment for online
education, [25] our approach excelled through the design of the program using IT tools on their
higher pedagogical value.
6. Conclusions
This paper has demonstrated the efficiency of TEL for curriculum development in Azerbaijan.
The team capacity development has been key to the success of the new courses. Consequently, the first
official academic application will be addressing an EU cooperation focused on teacher training for
widening the future implementation of the methodology.
Efficiency led to an excellent implementation, which included motivation and a good combination
of leadership on the supervision. These elements were facilitated by the pilot design and the focus on
interdisciplinary project work. Similar results have been demonstrated as key for initial deployment as
in the case of South Carolina [22].
The professional development of a university faculty is typically grounded on scientific results.
Therefore, scientific paper publication becomes paramount for career promotion. When the main
criteria for the teacher’s promotion and career advancement neglect teaching, the quality of education
suffers. Institutions are required to provide qualification on research competencies for academic staff,
which will be the first field of application for the official academic deployment.
The Ministry of Education of the Republic of Azerbaijan will promote the development of official
degrees under this methodology thanks to the implementation of the EU-funded project “Support
to strengthening the higher education system in Azerbaijan”. The aim of the project is to co-create
future developments of Azerbaijan’s higher education system through the development of TEL courses
and degrees. PETRA has contributed to demonstrate the relevance of TEL for the future of higher
education institutions. The project implementation period is about to finish, with the following results:
• State standards for 15 pilot programs have been improved and redeveloped to include
competence-based and student-centered focuses.
• Quality assurance systems have been developed to reflect the student centeredness of
study programs.
• Recommendations on amendments of legislative and regulative framework were also developed.
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